Sequestration of parasitized erythrocytes (PRBC) in microvessels is one of the major pathological changes seen in severe falciparum mal ari a ( Aik awa, 198 8: Aik awa et ai., 1 990: Pongponratn et al., 1991) . The disruption of blood flow caused by PRBC sequestration cootributes to the pathological changes in various organs and to organ failure. The severity of falciparum mataria appears to be proportional to the degree of PRBC sequestration in rnicrovessels of various organs, particularly the brain. We examined 39 falciparum mataria autopsy cases from the Hospital for Tropical Diseases, Mahidol University, Bangkok, Thailand and classified them as cerebral mataria (CM) or noncerebral mataria (NCM) cases by employing the cerebral mataria coma scale (Riganti et ai., 1990) . Based on this scale, we compared the PRBC sequestration rate between CM and NCM in various organs including the brain, heart, lungs and small intestines. ln addition, we discuss various cytoadherence proteins in relation to PRBC sequestration in microvessels.
Cattle infected with Babesia bovis often die from cerebral babesiosis (Aikawa et al., 1985) . The pathogenesis of cerebral babesiosis appears to be similar to that of cerebral mataria. We performed light and electron microscopy on brains of cattle that died from cerebral babesiosis and compared pathological findings with those of cerebral malaria. TI-IE PA 11-IOLOGY OF THE CENTRAL NERVOUS SYS-TEM JN CEREBRAL MALARlA AND NON-CEREBRAL  MALA RIA The World Health Organízation malaría action prognunme states that for a diagnosis of cerebral mataria, there must be unrousable coma, exclusion of othcr encephalopathies and confirmation of P. falciparum infection (Riganti et ai., 1990) . ln the past, these criteria have not been strictly applied, resulting in conflicting reports on the pathological findings of cerebral mataria, particularly the importance of PRBC sequestration in cerebral microvessels. Warrell et al. in 1988 establishcd the cerebral malaria coma scale (Table) . When clinical findings on admission showed a coma scale of two or more, the patients wcre designatcd as having cerebral malaria. Based on this coma scale and the strict diagnostic cri teria of WIIO, we idcnti fied 24 cerebral mal ar ia and 15 no ocerebral malaria patíents from the Hospital for Tropical Diseases, Mahidol Univcrsity, Bangkok, Thailand. ln order the determine the prcsence of cerebral edema, we examincd the prescnce of uncal hemiation in postmortem brains. Uncal herniation was found in 70% of cerebral malaria brains and 60% of non-ccrebral mataria brains. Since no statistical diiTerence (p > 0.005) was found. the significance of cerebral edema in cerebral mataria is unknown.
Light microscopy rcvealed that cerebral microvessels of ali cerebral mataria patients were filled with a mixture of parasitized and Rousable to full consciousness.
1:
Impaíred consciousncss but purposeful response to stimuli.
2:
Unrousablc, motor response non-localizing.
3:
Unresponsive, tendon rctlexes intact.
4:
Unresponsive, aretlexic.
(From Warrell et ai.. 1988 . Lancei, ii: 534).
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unparasitized erythrocytes (Fig. 1 ). PRBC sequestration was quantified by thc examination of 300 cerebral microvessels from each patient and cxpressed as the percentage of cerebral microvessels with sequestered PRBC. The percentage of PRBC sequestration in cerebral microvessels ranged from 57 to 100% and on average, 94% of cerebral microvessels showed PRBC sequestration. On the other hand, among non-ccrebral malaria patients, the percentage of cerebral microvessels wíth scquestered PRBC was 13% on average. The high rate of PRBC sequestration appeared to be associated with high parasitemia (Pongponratn et al., 1991) .
Electron microscopy has previously demonstrated multiple electron dense knobs protruding from the membranes of PRBC (Aikawa, 1988 : Luse & Miller, 1971 . These knobs formed focal junctions with endothelial cells and adjacent erythrocytes (Fig. 2) , and this phcnomenon appears to be a major event in the proccss responsible for PRBC sequestra tion.
Ring Hemorrhages were scen in 96% of cerebral malarial patients, while they were found in 33% of non-cerebral mataria patients. A statistical significance was seen between these two groups (p < 0.005). This finding clearly indicates that ring hemorrhages occur frequcntly in cerebral malaria brains. The microvcssels locatcd in the center of a ring hemorrhage werc often blocked with PRBC.
Our study clearly dcmonstrated that PRBC sequestration ín cerebral microvesscls is the major pathological change which distínguishes cerebral from non-cerebral falciparum malaria. Also we demonstrated that the cerebral ma-, Jaria coma scale developed by Warrell et ai. ( 1988) correlates well with the degree of PRBC sequcstration in cerebral rnicrovessels. Thc hcart of cerebral malaria patients showed fatty degeneration, focal necrosis of cardiac muscle and sub-pericardial hemorrhagcs (Pongponratn et al., 1991 ) . On the other hand, changes in the hearts of non-cerebral mataria patients were minimal. PRBC sequestration was scen in myocardial microvessels of both CM and NCM cases. However, an
"'
• .{ avcrage of 56% of these vessels showed PRBC scquestration in cerebral mataria patients. white myocardial vcsscls showcd only 19% PRBC sequestration on average in the NCM cases.
The lungs of cerebral malaria patients wcrc edematous (Deaton, 1970) , congestcd and marked by diffuse thickening of alveolar septa. The thickening of the alveolar septa was associated with an accumulation of PRllC within microvessels. On average, PRBC sequcstration was found in 51% of CM Jung vcsscls. Among non-cercbral falciparum mataria patients, pulmonary edema and congcstion and thc thickcning of alveolar septa were also observed. PRBC scqucstration was sccn in 5% of blood vcsscls of lungs of the NCM group. ln thc intestinal mucosa! and villious capillarics of cerebral malaria paticnts, an avcragc of 61% showed PRBC scquestration. Submucosa! hcmorrhages were seen in two cases. On the othcr hand, an avcrage of 15% of mucosal and vitlious vcsscls showed PRBC sequestra-
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• J tion in non-ccrcbral falciparum malaria pat ients.
Our study, thcrcforc, indicates that cerebral malaria patients showcd a high dcgree of PRBC sequestration in small blood vessels of thc internal organs (Fig. 4 ) . The comparison bctwcen cerebral malaria and non-ccrcbral falciparum malaria paticnts clcarly showed that thc cerebral malaria group had a highcr average perccnt-
Heart Lungs S.lntestine age of PRBC scqucstration than the non-ccrcbral falciparum mal aria paticnts in thc brain, heart. lungs and small intcstinc. This suggcsts that the high degree of scqucstration is responsiblc for the developmcnt of severe cerebral ma\aria (Pongponratn et ai., 1991 ) . Scvcrc falciparum malaria alters thc normal function of many tissues and organs dueto impairmcnt ofblood flow rcsulting from PRBC scqucstration in microvcsscls. Recent1y, severa! investigators suggested that host cell molecules such as CD36 (Barnwcll et al., 1989) , thrombospondin (TSP) and ICAM-1 (Berendt et ai., 1989) may function as the endothelial cell surface receptors for P. fa/ciparuminfected erythrocytes. Immunohistochemistry demonstrated the presence of CD36, TSP and ICAM-1 in the endothelium of cerebral microvessels (Aikawa et ai., 1990) . This indicates that these molecules can act separately or together as molecules responsible for the sequestration of PRBC in vivo. Our preliminary data showed that these molecules can also specifically bind to knobs of PRBC by immunoelectron microscopy.
THE PA THOLOGY OF CEREBRAL BABESIOSIS
Babes ia bovis is one of the causative agents of cerebral babesiosis. Light microscopy of the brain of cattle infected wíth 8. bovis showed that B. bovis-infected erythrocytes sequestered incerebral microvessels. Electron microscopy demonstrated that PRBC showed many stellate protrusions similar to knobs seen in P. falciparuminfected erythrocytes (Wright~ 1972) . These protrusions adhered to the endothelial cells of cerebral microvesscls (Fig. 3) . ln addítion, they adhered to adjacent erythrocytes by stellate projections within cerebral microvessels. These observations indicate that PRBC sequestration is also one of the major pathological findings of cerebral babesiosis as is seen in cerebral mataria. Therefore. search for cytoadherence proteins such as CD36, TSP and lCAM-1 may be ínvolved ín PRBC sequestration in cerebral microvesscls in cerebral babesiosis. ln addition, ligands on the stellate protrusions on PRBC should be identified in order to understand the pathogenesis of cerebral babesiosis as well as to prevent an<Vor treat the disease.
